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SUMMARY 

A etattatloal  study  was  roads  using  head  kinematic 
response  data  from  a let  of  79  human  -X  Irapaot 
acoalsratlon  testa  oofiddctsd  at  the.Naval  Blodynem- 
ioe  Laboratory,  Five  vuluntesr  subjects  were 
tested  successively  in  three  configurational  (a)  no 
helmet,  (b)  helmet  only,  and  (o)  helmet  with 
weights.  The  peak  acceleration  levels  ranged  from 
3g  to  lOg.  Three  kinematic  reeponaas,  the  X and  Z 
components  of  the  linear  acceleration  and  the  Y axis 
angular  acceleration,  were  analysed.  These  acceler- 
ation curves  were  fitted  with  polynomial  splines 
using  least  aquarea  techniques.  The  fitted  peaks 
and  times  to  peak  were  then  regressed  against  sled 
acceleration,  initial  head  orientation  and  hsad/neok 
anthropometric  parameters.  Statistical  measures  of 
goodness  of  fit  were  highly  significant,  The 
regression  equations  wars  used  to  simulate  the 
effects  af  varying  Individual  parameters  (such  as 
total  head  mass,  peak  slsd  acceleration,  neck  length, 
eta.), 

The  reeulte  domonetrate  an  analytical  approaah  for 
extrapolating  human  haad/nack  kinematics  to  levela 
and  typea  of  exposure  whert  injury  would  be 
expiated.  Future  application!  of  tbit  modeling 
technique  Include  analysts  of  the  effseta  of  mass 
distribution  parameters  on  head/neok  dynamio 
reeponee  to  +Z  vertical  Impact  acceleration. 

LIST.MV-SYMflQLS 

AAX  X-component  of  head  linear  acceleration  In 
the  aled  coordinate  ayatem  (m/esc1) 

AAZ  z-component  of  head  linear  acceleration  in 
the  eled  coordinate  system  (m/sec1) 

OOP  duration  of  peak  aled  acceleration  (msec) 
FSV  andatroke  aled  velocity  (m/sncl 
1IM  told  head  mass.  Includes  head,  mouth 
inatrumtntatlon,  and  helmet  configuration 
mass  (kg) 

HO  helmot  only  configuration 

HW  helmot  with  weights  configuration 

IDAX  Initial  X-component  of  head  linear  displace- 
ment In  the  aled  coordinate  ayetem  (m) 

1DAZ  Initial  Z-component  of  head  linear  displace- 
ment In  the  aled  coordinate  ayatem  (ml 
1NT  Intercept  of  a regreeelan  line 
1FHB  initial  head  angular  displacement  about 
Y-nxla  of  head  anatomical  coordinate  system 
(rad) 

NC  neck  circumference  (cm  I 

NL  nock  length  (cm) 

Nil  no  helmet  configuration  , 

PSA  peak  aled  acceleration  (m/snc‘1 


1 Tki  tilifintilloii  ui  ilium  li  till  toil  in  ill  iillou'  ud  it  ict 
iicimiili  nflm  Ui  toller  ud  mil  it  in  In j or  ohir  iinriiul  igiiclii. 

1 foluUrr  nhjirli  nri  ntrillid,  inliilid,  ud  upland  li  icmdudi  ilU 
potidiru  ur.lt. id  Id  lit  Diperli.it  o 1 tsfein  flinrllti  1111. 1 ud  IrcriU’i  if 
ltd  IlU  Iiilndlldi  IM.ll  itriae.  TSiee  lulnctloii  lilt  it  mill  prinl  I leg 
itlioii!  ud  litiriiUnil  ittidirde  til  III  preleetm  tl  him  nljicu 


QHB  head  angular  acceleration  about  v -axis  of  head 
anatomical  coordinate  system  trad /sec,) 

ROD  rate  of  sled  acceleration  onset  (m/sec' I 

INTRODUCTION 

Current  aviator  hairnet  developments,  which  ncorpo- 
rate  a variety  of  helmet  mounted  protective  and 
weapons  related  systems  Including  night  vision 
goggles,  may  compromise  aircrew  safety,  As  part  of 
a long-term  program  to  develop  criteria  for  protect- 
ing aircrew  from  the  potentially  harmful  effects  of 
Impact  acoalsratlon,  thu  Naval  Blodynamloa  Laborato- 
ry (NAVBIODYNLAB)  la  atudylng  human  haad  and 
neck  responae  to  whole-body  acoalsratlon  to  develop 
predictive  models  for  nick  Injury, 

Tha  ragreaaion  modal  reported  hare  can  ba  uaad  to 
simulate  the  effects  of  changee  In  acceleration 
profile,  mesa  distribution  properties  of  the  head, 
and  varying  neck  morphology  on  human  haad/neok 
kinematics,  Such  models  allow  study  of  the  Individ- 
ual affacta  of  varying  parameters  I such  ae  head 
maas)  whose  experimental  measurement  might  uom- 
promiee  the  safety  of  the  volunteers  and  would 
require  excessive  amounts  of  data.  In  particular, 
thla  paper  describes  a predictive  rogreeelon  model 
for  unhelmeted  end  helmsted  human  head  kinematics 
for  tha  -X  vector  direotlon. 

I4ETHODQLOUY 

(I)  Database,  The  data  uaad  In  this  analysis  were 
obtained  from  79  -Ox  Impeot  acceleration  experi- 
ment* Involving  five  human  reeearoh  volunteer* 
(HRVa)  [Table  1). 

Table  1,  Test  Matrix  of  Peak  Him!  Acceleration 
by  Helmet  Configuration  
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All  experlmsnta  war*  conducted  at  tha 
NAVBIODYNLAB,  Tha  experimental  and  instrumenta- 
tion details  have  been  extensively  reported  else- 
where [1-6).  The  HRVs  wore  instrumented  to 
measure  head  and  neck  displacement  and  linear  and 
angular  acceleration.  They  were  seated  with  full 
torso  restraint  and  the  head  and  neck  ware  allowed 
to  move  freely.  Bach  volunteer  wae  tested  succes- 
sively In  three  configurational  (a)  no  mass  addition; 
(bl  helmet  and  weight-carrier!  lot  helmet,  walght- 
oarrier,  and  two  pairs  of  .313  kg  weight!  mounted 
symmetrically,  mld-aagittally  high  In  front.  A 
progression  of  inoreaelng  t'.ad  auoaloratlone  from  3g 
to  log  was  completed  for  each  configuration. 

Figure  1 Illustrates  typlaal  acceleration  tints  tracts 
for  fig  to  log.  Tha  Identified  perimeters  Include 
peek  sled  acceleration  (PSA),  endatroks  altd  veloci- 
ty (gSV),  rat*  of  aoceleretlon  onset  (ROO),  end 
duration  of  peak  aocsleretlon  (OOP)  (Table  I). 


files. 


Table  3.  Rang*  of  Sled  Acceleration  Parameters 


Variable 

Units 

Range 

PSA 

mrmm 

28.6  - 9F.7 

KBV 

m/aaa 

fi.fi  - 13.8 

ROO 

nt/seo1 

DOP 

rnito 

128  - 104.3 

The  selected  Initial  position  parameters  are  the 
Initial  heed  linear  displacements  IDAX  and  IDAZ  and 
the  Initial  heed  angular  dtaplacsmant  IPHB  (Table  3). 
These  positions  are  measured  with  reepset  to  the 
origin  of  the  sled  coordinate  system.  All  taate  were 
run  In  the  nominal  n*ok-up,  chln-up  (NUCU)  condi- 
tion with  IPHB  expected  to  be  clou  to  aero  radlane. 
Withln-subject  range*  for  the  position  parameters 
were  much  narrower  than  the  overall  range  of 
variation. 

Table  3.  Range  of  Initial  Head  Linear  and 

Angular  Dleplaoemente 


Variable 

Unit* 

Rang* 

ID  AX 

meters 

-1.333 

- -1.241 

IDAZ 

mitera 

1.503 

- 1.667 

tPHB 

radians 

-.349 

- -.035 

The  Identified  head/nenk  anthropometry  parameter* 
ere  head  mate,  nsok  length,  and  nack  clrcumfar- 
anoa.  Head  langth  and  clroumferenca  arr  measured 
as  indicated  In  Figure*  3 and  3.  Neck  circumfer- 
ence la  meaeured  as  in  Figure  4.  However,  neck 
length  le  computed  «*  the  difference  between  (T 1 - 
top  of  heed)  and  head  height  as  Indicated  In 
Pigurea  5 and  B. 


Head  mass  for  the  un-lnatrumented  HRVi  were 
estimated  using  the  formula  (8), 

HM  • .21818  HC  - .12184  HL  - 5.5930 

where; 

HM  • head  mass  (kg) 

HC  s head  circumference  (cm) 

HL  • head  length  (om) 

The  measurement!  for  each  DRV  are  listed  In  Table 
4. 
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Table  4.  Selected  Head  and  Neck  Anthropometric 
Data  on  Five  Volunteer  Subjects 


Subject 

He  Ad 

W 

Hnnd 

Cl/sr 

Head  Mams 
<k<) 

Mice 

20,1 

S8.fi 

4.172 

HIBH 

21.1 

68.9 

4.569 

H 160 

19.9 

57.0 

4.35a 

HITS 

is. e 

87,8 

4,913 

H170 

it.e 

58.fi 

4 • 200 

Subject 

S'ffil 

I om> 

■» 

Neck 

w 

cfi&. 

Ice) 

11168 

27,3 

13.4 

13.4 

3a.  a 

HIM 

ifi.4 

12.9 

19,9 

39,9 

H169 

20.7 

.13,1 

13,9 

311, 0 

H171 

27.9 

I2.fi 

16.1 

38.9 

H175 

27,3 

12.4 

14,9 

37,2 

The  added  head  maae  for  each  aubjaot  for  each 
configuration  la  ahown  In  Table  6.  The  added  mam 
In  the  unhalmeted  caea  conalata  of  the  mouth  mounti 
T-plete  and  connecting  atrapa,  The  ehlfta  In  tha  X 
and  Z component*  of  tha  oenter-of-gravlty  (o.g.l 
are  with  reapeot  to  tha  o<g.  taken  from  cadaver 
data  [llj,  The  ehlft  In  the  Y component  of  the  c,g, 
la  negligible,  due  to  the  lateral  eyihmatry  of  the 
total  head  maae. 

Table  II.  Added  Head  Mae*  and  Shift  In  a,g>  for 
Each  Subject  for  Eaoh  Configuration 


IdJ.et 

m 

Ban 

ML 

in 

mm 

4.4S3 

1.9,  -0.1 

Mil  1.1,  -1,1 

■mi 

Msm 

■m 

C.477 

1.9,  -Id 

mm 

1.110 

warn 

tm 

0.111 

1.0,  0,1 

win 

nm 

mi 

Mil 

1.0,  -1.1 

1,0)1 

1.0,  -0,1 

mu 

l.l,  0,1 

Bi 

0.61 

l.l,  d.l 

0.111 

l.l,  *0.1 

i.m 

l.l,  9.1 

(21  Analyala.  To  amooth  the  data,  the  head  linear 
and  angular  acceleration  curve*  (AAX,  AAZ,  and 
<)HB)  were  fitted  with  polynomial  apllnet  uelng  leaet 
equarea  taolmlquea  |7,  8,  8],  For  euch  curve,  the 
tlmee  to  peak  and  peak  amplitude!  for  the  flrat  five 
peak  a were  determined  from  the  fitted  curve 
[figure  7). 


ference)  to  obtain  a prediction  model  for  peak 
valuaa  for  aach  curve.  Several  SAB*  rtgreatlon 
programa  (STEPWISE,  RSQUARE,  REO)  were  uaed  In 
the  parameter  (election  process.  A elmulatlon 
model  wa«  developed  by  adding  appropriate  normal- 
ly dtatributed  arrora  to  the  prediction  model.  The 
predicted  curvee  are  obtained  by  fitting  the  pre- 
dicted peak  valuea  with  cubic  epllnea.  Ratimated 
upper  and  lower  confidence  bande  for  each  curve 
were  generated  by  elmulattng  the  predicted  curve 
100  tlmee  and  determining  the  upper  and  lower 
boundaries. 

RESULTS 

The  regrtaaion  modal*  for  the  peak  value*  and 
timaa  to  peak  for  the  three  kinematic  parameter* 
are  Hated  In  Appendix  I.  Figure*  8-10  llluatrat* 
the  eetlmeted  confidence  bend*  for  the  three 
klnemetlc  curvee  for  tail  LX6480.  Figure!  11  - 18 
llluetreta  the  effect  of  varying  only  the  acceleration 
profile  parameter*,  PSA  end  E8V  were  tha  parame- 
ter* perturbed  In  the  almulatlona  alno*  they  were 
the  aole  acceleration  profile  peremetere  appearing  In 
the  varloue  regreeelon  modela,  A*  expeotadi  peak 
magnltudea  Inoreaaa  and  tlmaa  to  peek  deoreae* 
with  Increeaed  PSA  and  EBV  for  all  three  kinematic 
reeponaaa, 

Figure*  14  - 18  llluetreta  the  effect  on  AAZ  of 
varying  added  head  maae  from  0.0  kg  to  3.0  kg  at 
Bg  and  16g  reepeotlvely,  Figure*  18  - 17  llluetreta 
tha  earn*  affect  on  angular  acceleration,  ana,  Thar* 
le  no  etatletloelly  elgnlf leant  effect  on  AAX  due  to 
heed  maae,  Three  effeote  ere  email,  The  decrees* 
in  peek  heed  acceleration  le  only  7 m/e  and  BO 
rad/e'  for  aach  additional  kg  of  added  maaa.  The 
effect*  of  the  Input  acceleration  (PSA)  are  ouch 
treater  then  thee*  email  effeote  aa  llluetratad  In 
Figure*  IB  - 21. 

FlBure  18  ahewa  that  a lg  Inert***  In  PSA  almost 
cancel*  Ui*  afreet  of  a 2 kg  fmiraaee  In  added  me**. 
Thoea  oppoalng  effect*  are  llluetratad  in  Figure  IB 
which  ehowe  that  a ,8g  Inoreaaa  In  PSA  aencele  the 
opposing  effeot  of  * 1 kg  addition  to  head  maaa, 
These  effects  for  head  linear  acceleration  also  hold 
true  for  angular  acceleration  [Figures  20  - 81). 

Regarding  neck  anthropometry,  peak  magnitude*  of 
head  acceleration  decree**  with  Inoreaelng  neok 
circumference  and  Inoreaalng  neok  length.  Beoaue* 
of  the  narrow  range  of  neck  anthropometry  repre- 
sented by  the  five  eubjecta.  no  general  conclusion* 
can  be  drawn.  However,  theae  two  neck  anthropom- 
etry parameters  do  contribute  slgnlfloantly  to  the 
predictive  model  adding  from  8 to  10  percent  of  R1 
In  some  caene  [10[. 


5 iii  imuiii.  nt.,  id/me,  i, iiut  mi. 


Theae  computed  valuea  wer*  then  regreaeed  against 
the  four  eled  parameter*  (P8A,  E8V,  R00,  D0P|,  the 
Initial  head  orientation  In  the  X-Z  plane  (IDAX,  10AZ, 
I PH  n ) and  aeveral  functl.uia  uf  three  anthropometric 
parameter*  (head  maaa,  neok  length,  neck  olroum- 
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at  If. 


level), 


added  head  uii  yielding  equivalent  AA*. 


The  reaulta  of  thia  aludy  provide  an  analytical  ap- 
proach to  extrapolating  helneted  human  volunteer 
head/neck  kinematics  to  lavele  where  Injury  might 
be  expeetedi  A alngle  analytic  nodal  deacrlbea  both 
helneted  and  unhelntted  klnanatloa  with  total  head 
naaa  being  the  aole  head  inertial  paranatar  re- 
quired. Baaed  on  thle  nodal,  added  head  naaa 
rtduoea  peak  head  linear  and  angular  acceleration 
fer  -Ox,  Thia  reducaa  the  Inereaae  In  the  aatlmated 
forcea  and  torquea  at  the  ooolpltal  ccndylea  (tl  due 
to  thia  added  naaa,  Analyala  of  thaaa  Interacting 
effacte  raquiraa  more  detailed  model*, 

future  model*  will  Incorporate  all  the  varlcua  head 
Inertial  parameter*  (center  of  gravity,  momenta, 
eto.)  among  the  Independent  regression  variable*, 
The  Influence  of  naok  anthropometry  on  head 
klnanatloa  will  alao  be  Incorporated,  ualng  a greater 
range  of  date, 

The  bail*  for  thia  model,  development  la  the  eg 
vertical  helneted  teat  aevlea  preaently  underway  at 
NAVBIOCYHLAB,  Twelve  aubjeota  arc  being  teatad 
under  nine  different  man  addition  treatment*  at 
level*  ranging  from  S to  gg'a,  The  rang*  of  accel- 
eration profile,  head  OM*e  dlatributlon,  and  neok 
anthropematry  parameter*  covered  by  thia  aerie* 
will  yteld  a definitive  regraaalon  model  for  human 
*t  helneted  head  kinematic*.  Thia  modal  can  b* 
uaed  to  analytically  validate  anthropomorphic  mani- 
kin*, to  check  blumeohanloal  model*  of  human  re- 
■ponaa  to  *1  Impact  acceleration  with  varloua  hairnet 
mounted  devlota,  and  to  help  eatebllah  tolerance 
limit*  for  Inortlal  loading  dut  to  aueh  ayitema. 
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